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Low-back pain affects more than 50% of adults at some time during their life. 1-4 Fortunately, this pain is mild in many patients and can resolve itself within a few weeks. 5 For a number of patients, however, the pain is incapacitating and can have a significant cost to society as the result of loss of time at work, medical care, and the use of unorthodox forms of care. 3 To seek relieffrom this low-back pain, patients frequently consult a variety of healthcare professionals for treatment,6-9 including medical specialists, osteopathic physicians, chiropractors, and physical therapists as well as primary care physicians. Because it is often difficult to determine the cause of low-back pain, treatment is variable and not always effective.1°
Osteopathic physicians have had significant success in many patients with low-back pain, but sufficient objective data are lacking to support the subjective findings. 11,12 Previous studies have used a variety of methods to evaluate low-back pain and treatment programs to alleviate it. [13] [14] [15] [16] [17] In earlier research on low-back pain at the University of Osteopathic Medicine and Health Sciences, College of Osteo-pathic Medicine and Surgery (UOMHS-COMS), 18 a control subject in the no-pain group had electromyographic (EMG) activity consistent with that of subjects with low-back pain from unknown causes or trauma. Further questioning revealed that she was having menstrual cramping associated with low-back pain that she had learned to ignore. Although many women complain of low-back pain with menstrual cramping, this association is rarely mentioned in articles on low-back pain.
To date, the treatment of dysmenorrhea has involved prevention of prostaglandin synthe-SiS. 19 However, osteopathic physicians have recognized the value of manipulation for dysmenorrhea to alleviate associated osteopathic lesions and successfully used this modality to pro.vide relief. 20 We decided to evaluate the effect of an osteopathic manipulative technique in women with low-back pain during menses.
Our purpose was to determine if high-velocity low-amplitude (HVLA) OMT could diminish low-back pain associated with menstrual cramping and if there were concomitant EMG changes.
It is known that muscle injury or markedly excessive activity (or both) will cause release of creatine kinase, lactate dehydrogenase, and myoglobin into the plasma, which can be used to verify that "injury" has occurred. 21 Dysmenorrhea can produce significant discomfort through severe sustained muscular contraction that could result in systemic release of these constituents. Thus, we decided to use these serum values as potential markers for severe or prolonged muscle contraction.
Methods

Subject selection
Twelve women whose ages ranged from 22 to 36 years were selected from three populations: patients of the Osteopathic Manipulative Medicine Department, students and employees of the university, and spouses or friends of university students. All subjects complained of a history of menstrual cramping concomitant with low-back pain localized unilaterally or bilaterally in the erector spinae musculature between L-2 and S-1. These 12 subjects denied any history of low-back pain other than during menstrual cramping and had no history of injury or trauma to the low-back region. 20 The pain usually was lateralized to one side or the other. The findings of palpatory examination ordinarily coincided with the women's subjective complaints. The soft tissues, specifically the lumbar paraspinal musculature, demonstrated hypertonicity on the side of greatest discomfort in comparison with the contralateral muscles. The transverse processes of the lower thoracic and lumbar vertebrae (specifically T-IO through L-2) were more prominent on the side of greatest discomfort, a situation that coincided with the muscular findings . Last, there was increased tenderness to palpation in the regions mentioned. Physical examination failed to elicit pain in the lumbosacral region when menstrual cramping was not present during mid cycle (approximately 1.5 to 2.0 weeks after the beginning of menses, but not during ovulation when cramping could occur).
Eight of the 12 subjects were used in both the treatment and non treatment groups. They followed the routine outlined in the procedure section when they experienced the dysmenorrhea with associated low-back pain during the first day of menses. After initial recordings, the subjects received OMT and measurements were recorded again. These same eight subjects were used for an identical procedure in a second menstrual cycle when dysmenorrhea with associated low-back pain occurred, except that a rest period was used in place of OMT. The remaining four subjects were equally distributed between the treatment (two subjects) and nontreatment groups (two subjects), but were only used once.
Information on the possible risks and benefits of the study was given to the subjects. They all signed the informed consent form approved by the Health Safety and Human Use Committee of the University.
All evaluations and treatments were performed by one of two osteopathic manipulative medicine fellows. Both fellows followed the same protocol and were specifically trained in the procedures for consistency before treatment of the subjects. The treatments were randomly assigned to the two fellows.
General procedures
Each subject underwent physical examination, including motor, sensory, and reflex testing of their lower extremities. Structural examination (palpation of spine and motor testing) concentrated on areas of the common compensatory pattern, (CCP). 22 No neurologic defects were discovered.
All subjects were requested not to take any nonsteroidal analgesic before our evaluation. However, -' Figure. Polygraph recordings before and after GMT show movements generating muscular activity. The following: ( 1) skin resistance; ( 2 ) time (seconds); ( 3 ) activity produced by the right lumbar erector spinae musculature: ( 4 ) electric summation (integration) of EMG activity in (3); ( 5 ) activity produced by left lumbar erector spinae musculature; and (6) electric summation (integration) of activity in ( 5 ) . A ctivity between extension period and move to sttanding position was produced by subject assuming relaxed prone position after extension. This EMG activity is a reflection of eccentric muscle contractions. two of them had severe pain necessitating the use of ibuprofen before the evaluation. These two subjects still complained of low-back pain with menstrual cramping and were included in the study because findings on the EMG recordings remained consistent with low-back pain.
EMG and skin resistance measurement
Experimental procedures were the same as previously reported. IS An eight-channel Grass polygraph (model 7) with a 7P3 preamplifier was used to directly record the surface EMG (calibration of 1 m VI 2 cm) ( Figure ) . To obtain an integrated EMG (time constant of 0.05) readout for each EMG, the integrated signal was taken from the preamplifier and fed into the driver amplifier of another channel. Skin resistance was recorded on the same polygraph by use of the galvanic skin reaction circuit of a 7Pl preamplifier.
First, the subject's lumbar region was cleaned with isopropyl alcohol , then with acetone, and al-Original contribution' Boesler et al lowed to dry. Measurements for placement of electrodes were indicated with a laundry marker. The area was painted with tincture of benzoin to assist in maintaining surface electrode placement. Skin resistance electrodes were placed 2 cm to each side of the L-2 spinous process. The active EMG electrode placement was 2 cm to each side of the L-3 and L-5 spinous processes. The ground EMG electrode was placed 4 cm from the L-4 spinous process. Two sets of EMG electrodes, one on each side of the spinous process, were used to record activity on both the left and the right side. An electrode paste was applied to the surface of each electrode, and the electrodes were taped in place.
Experimental procedures
The subject was asked to lie prone on a treatment table and relax for 5 minutes so that EMG potentials either formed a flat line or a constant pattern and the skin resistance was stable. The subject then was instructed to bend backward (active lumbar extension), with hands under the chin, hold this position for approximately 5 seconds, and then return to the prone position. Then, the subject was asked to stand, bend forward until the fingertips went beyond the inferior borders of the patellas, hold this position for 5 seconds, and then return to standing posture. The same sequence of positions was repeated. At this time, the subject was disconnected from the Grass polygraph. However, the electrodes were still taped in place during the OMT or rest period that followed. Room temperature was maintained between 70°F and 74°F for all studies.
OMT technique
After the second recording series, all subjects receiving OMT were evaluated and treated by the following methods, which were essentially the same as previously reported. IS If palpatory findings were present in a given region or if range of motion was restricted, more effort was devoted to treating that region.
• The long restrictor muscles of the hip (hamstrings, quadriceps, hip flexors, and external rotators) were subjected to isometric and isotonic muscle energy procedures. • Isolytic articulatory or isometric muscle energy techniques were used, if necessary, to treat the pelvis, including the pubic regions. • The sacrum underwent ischial tuberosity spread as well as sacroiliac mobilization if required. • For lumbosacral junction, HVLA scissors technique was used. • The HVLA scissors procedure was also used for the thoracolumbar junction (thoracic outlet). • The thoracic inlet underwent HVLA, with the remaining thoracic spine subjected to doublearm articulation for sidebending and rotation components as needed. • At the cervical spine, HVLA articulation was used for both the atlantoaxial junction and a sideslipped occiput if necessary. Any C-3 to C-7lesion was subjected to the articulatory techniques.
Measurements after treatment
Two sets of EMG recordings were obtained in the same sequence as before. The same protocol was followed for the nontreated subjects except that they rested on the table for a time equivalent to the duration of OMT. All subjects were evaluated a second time mid cycle. Specific directions on skin preparation and electrode location allowed consistent preparation of these subjects, no matter which individual did the 206 • JAOA • Vol 93 • No 2 • February 1993 preparation. To maintain uniformity, all polygraph records were analyzed by one investigator. Statistical evaluation was performed by the paired t-test for the analysis of the pretreatment and posttreatment effects of OMT.
Biochemical methods
Serum samples for analysis of total creatine kinase, lactate dehydrogenase (total and isoenzymes), and myoglobin were obtained by venipuncture using accepted aseptic techniques.
These samples were obtained 24 hours after EMG recording. A third sample was taken mid cycle when no pain was present. The creatine kinase and lactate dehydrogenase assays were performed on a Hitachi model 704 analyzer using the commercial diagnostic kits supplied by Boehringer Mannheim Inc (Indianapolis, Ind). The lactate dehydrogenase isoenzyme determinations were made by the visual electrophoretic procedure from Helena Laboratories (Beaumont, Tex), which involves the electrophoretic separation ofthe isoenzyme fractures on cellulose acetate. The fractions were then visualized by a two-stage reaction resulting in the formation of a reduced tetrazolium salt, formazan . The fractions were measured by a scanning densitometer with integrator.
The serum myoglobin concentration was determined by radioimmunoassay using the commercial kit supplied by N.M.S. Pharmaceuticals (Newport Beach, Calif). The myoglobin concentration is reported as a myoglobin-creatinine ratio to correct for any potential variance in muscle mass.
Results
The Figure shows a polygraph record of the factors measured during activities generating muscular activity before and after OMT. Only the lumbar extension while the patient was in the prone position was used to evaluate the effectiveness of the OMT; this movement was more easily controlled and gave more consistent results for analysis. The EMG activity of the other movements was more difficult to measure with the integrated component of the Grass recorder. The EMG activity was determined by measuring the area underneath the curve of channels 4 and 6 for the extension of the back.
It is readily apparent that the EMG activity in both channels 3 and 5 is considerably less after the OMT (Figure, right) . Another in- activity that occurred in channel 5 before the subject's assuming the extensIon position. This electrical activity, recorded before the patient performed any motion, could be the result of muscle spasm in that region. Frequently, the subjects complained that the low-back pain was localized to only one side or was more prominent on one side. Approximately 90% of the time, this subjective evaluation coincided with the side of increased spontaneous EMG activity. Occasionally, the spontaneous activity shifted from one side to the other in correlation with the subjective sensation of cramping and low-back pain as reported by the subject. A few subjects had episodes of more intense cramping with more intense low-back pain during recordings in correspondence with increased spontaneous EMG activity. Overall, the quantity and intensity of the spontaneous activity correlated with the severity of the pain described by the subject. This activity frequently corresponded to the palpatory findings in a particular subject. Occasionally, this low-back pain was so severe that the subject had difficulty performing the extension motion.
To obtain the results in Table 1 , the EMG extension activity before OMT or the rest period was an average of the initial and repeated movement for both the left and right side. A comparable value was obtained after OMT or the rest period to obtain the percentage change.
To ensure that the use of two different indi-Origina l contribution • Boesler et al able to the manipulation itself and not to the fellow performing the procedure. As such, Table 1 contains averaged values of all subjects used irrespective of the manipulator.
Osteopathic manipulative treatment reduced the EMG activity of the subjects treated for low-back pain during menstrual cramping, and this reduction was statistically significant. Furthermore, 9 of the 10 subjects receiving OMT had reduced EMG activity after treatment, whereas only 5 had a reduction after a 10-minute rest. In addition, OMT abolished the spontaneous.EMG activity in all subjects having menstrual cramping. This diminished EMG activity and decrease in spontaneous activity corresponded in all subjects to the following: (1) more relaxed feeling; (2) ability to move with less resistance; (3) reduced or complete absence of low-back pain; and (4) alleviation or significant reduction of menstrual cramping. There was no statistically significant difference in EMG activity before and after the 10-minute rest. Also, the spontaneous EMG activity was still present. There was no statistically significant difference in initial values between the non-OMT group and the OMT group. Table 2 shows the biochemical data. There was no statistically significant difference between the initial values and those obtained 24 hours after either OMT or the 10-minute rest period. Furthermore, the total creatine kinase, total lactate dehydrogenase , and lactate dehydrogenase isoenzyme values during menstrual cramping were not significantly different from those at mid cycle. When the myoglobin-creatinine ratio during menstrual cramping was compared to the mid-cycle ratio, however, the difference was close to being statistically significant (P = .08). The ratio at mid cycle compared with that during menstrual cramping was lower in 29 samples, higher in only 6, and unchanged in 2. A quantal response analysis revealed that the increased myoglobin-creatinine ratio during menstrual cramping was statistically significant (P < .005).
Discussion
The results ofthese studies show that the lowback pain associated with menstrual cramping is a significant component of the dysmenor- 8 The symptoms of menstrual cramping can be incapacitating in some patients, resulting in inability to work for 1 to 3 days during this period. 19 None of the subjects in this study had lost work days. To date, the major medical approach has been to treat menstrual cramping by altering prostaglandin synthesis with the use (continued on page 213)
Or igina l contribution • Boesler et a l of nonsteroidal anti-inflammatory drugS. 19 ,23,24 These agents have been shown to be more effective than placebo. However, the medications are not always effective in providing needed relief. In fact, two of the subjects in this study, because of intense dysmenorrhea, had taken a nonsteroidal anti -inflammatory agent before coming to the laboratory but they were still having intense menstrual cramping with lowback pain. Osteopathic manipulative treatment was effective in relieving the low-back pain in these two subjects as well as the other eight experimental subjects.
All subjects treated with OMT claimed immediate relief, which was verified by EMG changes. Pharmacologic intervention is reported to take an hour or longer to accomplish maximum effect 23 and may produce adverse effects. 24 In the secretory phase of the menstrual cycle, lactate dehydrogenase and creatine kinase values in endometrial tissue and uterine secretions are elevated. 25 ,26 One report27 indicates that serum values may be influenced by the phase of the menstrual cycle, but we have found no other publications supporting an appreciable change in serum lactate dehydrogenase or creatine kinase activity or serum myoglobin concentrations throughout the cycle. Our results do not demonstrate any appreciable changes in the serum enzyme values during menstrual cramping compared with mid-cycle values. However, as reported by others,27 many variables affect creatine kinase measurements, and these could have had a greater impact than the phase of menstrual cycle. Although OMT relieved the pain of dysmenorrhea, no detectable changes in enzyme values coincided with the diminished low-back pain. However, the serum myoglobin-creatinine ratio was higher during the menses phase in many ofthe subjects. This elevation is at variance to a previous report 28 in which no change was observed in myoglobin concentration throughout the cycle. However, those subjects did not have dysmenorrhea. The increase in myoglobin concentration in dysmenorrheic women may be a function of the increased endometrial contractions. If OMT relaxed the ~ndometrium and reduced the skeletal mus-Origina l contribution' Boesler et al cle spasm that may have caused the elevated myoglobin value, one might have expected to see diminished myoglobin concentration at 24 hours. This decrease did not occur, possibly as a result of the following: (1) the results being due to chance; or (2) return of menstrual cramping within 12 hours after OMT so that the myoglobin value would increase.
Many of the subjects confirmed subjectively that menstrual cramping returned within 5 to 12 hours after OMT but was usually less intense. This difference was verified with another EMG recording session 24 hours later that showed less spontaneous EMG activity and less EMG activity during extension.
One pertinent question that needs to be addressed is why patients with menstrual cramping experience back pain. Osteopathic medicine recognizes that many musculoskeletal problems may be due to a viscerosomatic reflex. This low-back pain could be one example of a musculoskeletal dysfunction resulting from such a viscerosomatic reflex. Increased gastric tension during menses 29 as well as other gastrointestinal symptoms occur more frequently in dysmenorrheic women. 3D Thus, dysmenorrhea may be inducing autonomic (viscerovisceral reflex) as well as somatic responses. The various reflexes may result from endometrial contraction, which produces pain and activates pathways at the segmental level of the spinal cord where HVLA techniques can be effective. Overall, there appears to be a series of events in dysmenorrhea symptoms that HVLA OMT is able to interrupt.
Conclusion
It would appear from this work that OMT with or without pharmacologic intervention can sig-. nificantly benefit patients with dysmenorrhea by providing immediate relief. However, more studies are needed to understand the physi-0logic aspects of dysmenorrhea and the management of this dysfunction. It is apparent that OMT could playa very significant role in helping the understanding and treatment of dysmenorrhea.
